The technological emphasis in lithic assemblages can be examined in terms of the degree of planning each set represents and its corresponding position along the expedient/curative continuum. This approach has been a very useful analytical tool in studies of toolmaking technologies, especially among hunter-gatherer societies. In most cases, however, the approach uses qualitative criteria which, though valid, do not allow for comprehensive comparisons of different contexts. This work proposes a mechanism that is more quantitative than qualitative by offering an index that can measure the degree of curation of a given lithic assemblage. As the paper shows, we have found this development to be a useful tool for analyzing hunter-gatherer and horticulturist contexts of Central Chile.
Innovative approaches to the study of archeological remains -including data collection and the construction of analytic models-have produced much of the new knowledge available of human societies of the past. In this work, we present an analytical tool we have developed to study the lithic technology of hunter-gatherers and early horticulturists of Central Chile. Our aim is to provide a systematic and quantitative grounding for certain concepts that have been in use in archeology for more than 20 years now, especially for huntergatherer contexts, though with a more qualitative orientation. These concepts relate to aspects of lithic technology such as mobility, availability of raw materials, and the planning involved in tool use and manufacture, and are approached through the notions of curation and expediency originally developed by Binford (1979 Binford ( , 1980 .
To summarize, Binford proposed (1979; 1980) (and later authors such as Bamforth (1986) , Chatters (1987) , Nelson (1991) , and Shott (1996) have reaffirmed) that an expedient technological strategy develops spontaneously when a human group knows that there is an abundance of suitable raw material in the place where the tools will be required for use, and when the functions for which the tools are required can be met without a high investment in flintknapping. In this scenario, the tools were disposed of after use, or once the blade lost its sharpness. At the other end of the continuum, curative strategies will become more prevalent when there is an increase in space-time incongruities between availability of raw material and the place where tools are required for use. In that case, tools were manufactured beforehand and maintained to allow for their continued reuse; they were also designed to be easy to transport and store. In general, the aim was to extract the maximum utility from tools (Shott 1996) , which was usually achieved by manufacturing them through the most efficient reduction sequences (e.g. bifacial and blade-like). Although these two technological strategies are viewed as opposites, they are often found in the same technological contexts, both forming part of a continuum in which components of each can be found represented to different degrees within the same system.
It is precisely this situation that makes it necessary to develop a way of determining the position of a given assemblage along that continuum, especially for the purpose of comparing different contexts. This paper takes a quantitative approach to determining that position, using an indexing system that we have named the C Index for "Curation Index". We shall outline the features of this approach in the framework of contexts we have studied in the Andean region of Central Chile. It should be mentioned here that, while we could have designed an index to measure the degree of expediency of a given technological strategy ("Index E", for example), the scant attention paid to this strategy to date (Escola 2004) made it advisable to focus on curation, which has garnered much more recognition as a technological strategy. Furthermore, we share the conclusion of Shott (1996:268) that expediency is nothing more than low curation of tools.
The study in which this proposal developed was based on the hypothesis that hunter-gatherer populations of the Archaic tradition coexisted with horticulturist and ceramicist communities (Cornejo and Simonetti 1997-98; Cornejo and Sanhueza 2003; Saavedra and Cornejo 1995) . One of the central arguments of the study is that hunter-gatherer groups displayed a technologically continuous curative strategy because of their high mobility, differentiating them from other groups that adopted an agricultural, semi-sedentary way of life, along with a mostly expedient technological strategy (Galarce et al. 2008; Miranda 2008) . In fact, differences in the lithic technologies of hunter-gatherers and sedentary horticulturists such as those proposed here is are seen to be verifiable in different contexts and locations (e.g. Price and Gebauer 1995; Stafford 1999) , pointing to one of the least discussed effects of the transition from one kind of economy to the other.
The contexts examined in this study are all located in the mountains of the Maipo River valley (Central Chile) and correspond to occupational sites of hunter-gatherers and semi-sedentary horticulturists. Occupations of hunter-gatherers from the Archaic IV or Arc.IV period (3,000 to 300 years BC) are represented by Given their sociocultural diversity (especially in regard to economies, mobility, and settlement patterns) and their location in a relatively circumscribed territory (the Maipo mountain valley), the occupations provide us with a good quality sample for demonstrating the usefulness and interpretative potential of the proposed methodology. Indeed, the application of the methodology in our study has led to significant discoveries about the coexistence of hunter-gatherer and early horticulturist populations in Central Chile (Cornejo and Sanhueza 2003; Galarce et al. 2008) .
Variables for Constructing a Curation Index
In order to attempt to measure the degree of curation or expediency as a technological strategy, we began with the understanding that at one end of the continuum we have maximum curation, a technology associated with highly mobile groups and based strongly on the manufacture and use of bifacial tools, which are durable, easily transported, and used as part of a toolkit consisting of tools with specific functions (Kelly 1988; Nelson 1991; Tomka 2001) . Curation is one of the main reductive frameworks observed in the archeological record in our area of study. The attempt to dimension the continuum in terms of bifaciality does not mean, however, that we do not recognize other variables that may come into play, such as tool diversity (Cornejo and Sanhueza 2003) or related aspects. However, by focusing on bifaciality as a derivative of the reduction process, we were able to address the issue as part of the technological decision-making process represented by each lithic assemblage, the toolkits of which were often the result of complex formation processes.
Our analysis, therefore, sought to determine bifacial frequency in the contexts studied by analyzing three variables of the assemblages of lithic byproducts found in those contexts (Galarce et al. 2008) : raw material present, morphology of the striking platforms, and reduction categories assigned to each flintknapping byproduct analyzed. In fact, our Index could be considered as a measure of bifaciality itself; but we prefer to focus on the more heuristic capacity implied by the concepts of curation and expediency.
Raw material
The different raw materials used to manufacture lithic tools with flaking techniques have features that make them more or less technically suitable for certain functions. Considering the complex nature of bifacial reduction, its development, the techniques applied, and manufacturing parameters, only a limited range of rocks could be used for this kind of toolmaking. In this article, we have separated raw materials according to their flintknapping quality 1 , under the assumption that better quality materials would be found in closer relation to the development of bifacial sequences than would lower quality materials.
Each raw material was placed on a ranking scale that measures their suitability for bifacial work and its their relation with the degree of curation of the technology for which they were required. This scale includes high quality raw material (e.g. silica and obsidian), medium quality raw material (eg. aphanitic igneous and silicified rock), and low quality raw material (e.g. porphyritic igneous rock, lithic tuff, and metamorphic rock). It should be noted that the supply of raw materials is not considered here, as the origin of most of these is unknown. Since all of the occupational sites are located within a 30 km radius, for this study we have assumed the existence of a relatively uniform "regional lithic landscape" (Galarce 2002 (Galarce , 2004 Gould and Saggers 1985) within the area itself and little variation in access to different raw materials. In the future, however, the origin of the raw materials could be incorporated as an additional variable to enrich our analytic and interpretive model.
Platform morphology
The morphological behavior of the striking platform, the remnant of pressure flaking, provides direct evidence of the reductive process and flintknapping techniques (actions and gestures) used in working with a given piece (Andrefsky 1998 (Andrefsky , 2001 . Four platform morphologies are considered (cortical, plane, faceted, and prepared), which represent a continuous succession in the development of bifacial reductive sequences, from the initial to the most advanced stages of toolmaking. Cortical and Plane platforms are associated with early stoneworking activities, while the precense of Faceted and Prepared platforms are clearly associated with advanced activities such as biface production. It is also worth noting that the category "prepared platforms" was used in a limited sense to describe platforms that were prepared by abrasion and/or grinding of their surface and the reductive elimination of the adjacent outside edge or overhang. This distinction allowed us to avoid using this category for faceted and pseudo-faceted platforms, which in our opinion are behaviorally different.
Reduction categories
Assigning reduction categories to the byproducts of toolmaking enables us to identify the different stages of toolmaking activities represented within the reduction sequences. In this article, we have used four reduction categories: (1) Byproducts of Core Reduction: Byproducts produced by percussion flaking of a core matrix, where stone chips, slices, or angular fragments are produced as material or waste. This class of byproducts can be used to manufacture a variety of instruments or can be used as sharp edges (Andrefsky 1998; Odell 2004; Whittaker 1994) . (2) Byproducts of Marginal Reduction: Byproducts resulting from percussion or pressure applied to the edges of a lithic core, flake, or blade and covering no more than half the face of the piece. Marginal debitage can be used to manufacture different classes of instruments such as terminal and lateral scrapers, serrated and notched scrapers, side scrapers, and knives, to name a few (Holdaway et al. 1996; Jackson 2002; Shott 1993 Shott , 1994 . (3) Byproducts of Bifacial Reduction: Byproducts produced by the systematic application of bifacial spalling on a piece, whether core or core byproduct. These pieces have broad, sharp edges and therefore can be used as base forms to manufacture different types of instruments (Andrefsky 1998; Galarce 2004; Piel-Desrrouiseaux 1989; Whittaker 1994) . (4) Byproducts of Bifacial Retouching: These are byproducts obtained by applying controlled percussion or pressure techniques to the edges of a biface piece during the final stage of manufacture, or during tool maintenance. Because of their small size these byproducts are usually disposed of around the tool making area itself (Andrefsky 1998; Shott 1993) .
Organization of Variables
As the reader can appreciate, each case has its own criteria that can be used to organize the different expressions of the three variables according to the degree of bifaciality with which they are associated. We have organized the raw materials on the following scale, beginning with those most suitable for bifacial technology: (1) High quality, (2) Medium quality, and (3) Low quality. By using the same criteria, the different types of platforms would be organized as follows: (1) Prepared, (2) Faceted, (3) Plane, and (4) Cortical. Again, by using the same criteria, the different reduction categories would be as follows:
(1) Byproducts of Bifacial Core Retouching, (2) Byproducts of Marginal Reduction, (3) Byproducts of Marginal Reduction and, lastly, (4) Byproducts of Core Reduction.
As our analysis seeks to integrate these three variables to produce a single score, we first tested whether the categories assigned to each variable were mutually compatible; in other words, whether the classification scales of the variables were mutually consistent. To determine this, we first compared the correlation (Spearman r test) of absolute frequencies of lithic waste products at the sites studied for each expression of the three variables, as shown in Table 1 . As the table shows, in general, our expectations were met, especially at the extreme ends of the spectrum. Thus, there is a high correlation between low quality rocks and cortical platforms that diminishes to insignificance with the increase in prepared platforms. At the other extreme, the correlation of high quality rocks increases significantly from Cortical Platforms to Prepared Platforms, and the same thing occurs in relation to reduction categories, which increase significantly as we move from Core Byproducts to Bifacial Retouching Byproducts.
By comparing only platforms and reduction categories, we also obtain expected results at both extremes. First there is a higher correlation between Cortical platforms and Core Byproducts, then a lower correlation between the same kind of platform and Bifacial Retouching Byproducts, and finally a lower correlation between Prepared Platforms and Core Byproducts and a higher correlation between that kind of platform and Bifacial Retouching Byproducts.
This bivariate analysis was complemented with a Main Component Analysis (Figure 1 ), in which, by crossing Factors 1 and 2 (which explain close to 86% of the set's variation), a correlation configuration is obtained that reinforces the idea that the dataset's variation is in large part a function of its relation with biface toolmaking, at least in terms of the hierarchy we are using here. Notable among these results is the formation of three variable sets that are more closely correlated internally, and more distant from those in the other sets. In Group 1, in Group 1 would therefore correspond to the variables closest to the most suitable stones for bifacial work, while Groups 2 and 3 are more distant and in fact are ordered from more to less suitable. The faceted platform falls somewhat outside of the predicted scenario, appearing in Group 2, although the fact that its position is closest to Group 1 and more distant from Group 3 allows us to maintain its position in the order we have assigned according to technological criteria.
The C Index
The index we have built fulfills two basic objectives. First, it synthesizes the three variables we have deemed suitable for dimensioning, from the perspective of bifaciality, the expedient/curative continuum. Second, it produces a single, comparable scale for any case, allowing a definitive projection of an expediency/curation curve, within which it is possible to extrapolate and interpolate values for specific hypotheses related to lithic technological strategies.
The first step in building the index involved selecting a measuring scale and assigning values within that scale for the expression of each variable analyzed. The scale chosen ranges from 0 to 1 (with values rounded to two decimal points); this not only standardized results but also enabled us to build a simple parallel scale for comparing results. Thus, a score of 1 is obtained where the technological strategy exhibits maximum curation, and a score of 0 is obtained for the inverse situation, i.e. cases of maximum expediency in the technological strategy. Obviously, these two extremes are only ideal situations, and in all real contexts the results lean towards one extreme or the other, but never with a total absence of the other strategy. A good example of this can be found in the lithic contexts of PIT Aconcagua people of Central Chile. Despite the fact that most of their tools were used with an expedient strategy, it is always possible to find biface elements too, especially projectile points made with raw materials such as obsidian and silica.
The scale of 0 to 1 can be divided into four quartiles of equal size, wherein a context with a C Index between 0 and 0.25 will be classified as low curation, those with values between 0.26 and 0.50 are moderately low curation, values between 0.51 and 0.75 correspond to moderately high curation, and indices between 0.76 and 1.0 are for high curation levels. As mentioned, this rating scale will be especially useful for making comparisons.
Once this is achieved, the next step is to assign an individual position on the scale to each expression of the variables studied. As there is no present rationale for giving more weight to a particular expression of any of the three variables, the decision was made to divide the number of expressions of each variable proportionately across the index range of 0 to 1. Thus, each expression of a variable was assigned a specific weight within the continuum according to the scale shown in Table 2 . This value can be used for estimating the proportionate contribution of each of these to the index 2 .
With the assignation of values achieved, the next step was to determine a value for each variable in each case; we called this Cp or Partial Curation Index, using the following rationale. For example, 
Análisis de componentes principales para las distintas expresiones de las variables.
if the raw material in a given context is 100% high quality, then this variable will have 100% of the value of 1.0, in other words, Cp = 1.0. In contrast, if the data for a context falls 50% into the reduction category Marginal Debitage Byproducts, with a value of 0.5, and the other 50% corresponds to the category Byproducts of Bifacial Retouching, with a value of 1.0, then the corresponding Cp would be 0.75 (50% of 0.5 + 50% of 1.0, or 0.25+0.50). Lastly, if a given context contains 100% Cortical Platforms, with a value of 0.25, then it would be assigned 100% of that value of 0.25, and the Cp would therefore be equal to 0.25. Tables 3, 4 , and 5 show the relative frequency of each expression of each of the three variables studied, expressed as values between 0 and 1, for the archeological occupations studied; they also show the calculation of each's contribution to the Cp for each variable of each occupation studied. The Partial Curation Rating for a variable is therefore calculated using the following formula:
Where Cp is the Partial Rating, V i is the value assigned to each expression of the variable and Fr i is the relative frequency of that variable in the context in question.
The final step in generating the C Index is to integrate the values of the three variables studied. A three dimensional image of the dispersion (Figure 2 ) obtained for the archeological occupations studied here, based on the Cp values, can help us to comprehend how the cases are organized through their interaction. The reader may observe that, in general, the values are distributed more or less in the center of the three dimensional space, following a line that rises from the PAT occupation of the El Manzano 2 site, which, according to this representation, has a lower curation rating, to the Archaic IV occupation of the El Manzano 1 site, which corresponds to a higher degree of lithic technological curation. This spatial distribution may be difficult to interpret, however, and therefore we felt it was advisable to simplify the interpretation by integrating the three variables into a single measurement: the C Index.
This index will be the calculated as the central position of each case in the cluster of points shown in Figure 3 , which corresponds to the average of the three Cp values previously obtained using the formula:
where C is the Curation Index and Cp i is the Partial Index for each variable.
However, if we wish to allow for the possibility of assigning more weight to one or more of the variables considered, a definitive formula for calculating C would be:
where C is the Curation Index, Cp i is the Partial Index of each variable used, and ∆ is the weight assigned to each variable. The value of ∆ will be 1.0 for each variable when all of them have equal weight, and will be a certain fraction of that amount when it is deemed necessary to assign a given variable more weight than the others. Thus, if we want to give a certain variable 20% more weight than the others, the value of ∆ will be 1.2. The overweight assigned to specific variables should in no case lead to a Cp for any variable greater than 1.0, as 1.0 is the maximum curation value in our model.
For the occupations studied all variables have the same weight. Table 4 shows the C Index for each of those archeological occupations and Cp values for the three variables of each occupation. These values can be mapped along a continuum ranging from 0.0 to 1.0, describing a specific curve for the set of cases studied. This is represented in the Figure 3 graph as a continuous line, and allows us to calculate the general trend for the entire set, which is represented as the broken line in the same Figure 3 . Table 4 
Discussion and Conclusions
The data presented here show that it is possible to represent in a simplified manner the complex set of technological decisions and strategies adopted for stone tool use by different populations. We can gain understanding of the data by examining the problem that led us to develop this instrument and appreciating its potential for analyzing lithic technology itself.
Our original hypothesis (Cornejo and Sanhueza 2003) , while it also included information on ceramics and on different types of occupied sites, pointed to a marked difference between the lithic technological strategy of two populations that coexisted during the Early Ceramic period in Central Chile, one a markedly curative case and the other clearly expedient. It was precisely this that motivated us to seek a way of dimensioning these differences, knowing that they naturally form a continuum of strategies but could also be rated on a scale to allow clearer comparisons among them.
Observing the location of each occupation on the scale produced by the C Index (Figure 3) , we can distinguish a couple of elements that have been central to our hypothesis. On the one hand, the open air occupations from PAT, which can be assigned to semi-sedentary horticulturists (El Manzano 2 PAT and Los Panales), are located in the lowest part of the scale, while, on the other hand, contemporary occupations located in nearby shelters, which we have interpreted as hunter-gatherer, are found higher on the scale (El Manzano 1 PAT and Las Morrenas 1 PAT). The latter, in turn, obtain C scores similar to hunter-gatherer occupations from the Archaic IV period (3,000 to 300 B.C,), located in both the same shelters (El Manzano 1 and Las Morrenas 1), and at open air sites (Holoceno). This provides crucial support to our hypothesis, which seeks to confirm the Archaic roots of the hunters of the Early Ceramic period (Galarce et al. 2008) .
Furthermore, the inclusion of other populations in this analysis -represented in the Aconcagua Escobarinos 1 and El Manzano 2 PIT sites-allows us to appreciate that the relation between strategies of subsistence and technological organization is complex and not necessarily unilineal. The position that the first site obtains in the C Index places it closer to the values of hunter-gatherer sites, even though this is a later occupation than those of the Early Ceramic period and represents a population that is more sedentary and more dependent on crops than previous groups. At the same time, though both open air occupational sites are located in relatively similar locations, they present relatively dissimilar C Indexes; as mentioned, one index is closer to hunter-gatherer groups from the Archaic and Early Ceramic periods, while the other is closer to the value of the Early Ceramic Horticulturists. These differences could be associated with differences in the specific functions of these occupational sites.
Interestingly, these results coincide with those of the analytical method used to construct the original hypothesis, which looked at technological differences among the populations studied relative to the diversity of formal tools in each context. It was proposed (Cornejo and Sanhueza 2003) that, given their curative nature, the hunter-gatherer contexts of both the Archaic IV and Early Ceramic periods would have had much more diverse toolkits than horticulturist contexts, and was represented using Shannon and Weaver's H Diversity Index. Now, correlating the C values with H values (Table 6 and Figure 4 ), an r 2 value of 0.58 is obtained, which allows us to assume that the variation of measurements is a 60% ratio of one to the other, and supports the idea that the degree of curation of a lithic strategy is related to the diversity of stone tools in the case studied.
We, therefore, believe that this Index can serve as an instrument of comparison between different technological trends, based on a quantitative scale that synthesizes various aspects of lithic technology. This tool not only can be used for intercultural comparisons but it also allows us to observe variations in the same technological system over a given territory, as it is to be expected that sites with distinct functionalities would present technological differences. Indeed, this has been shown in comparisons of Archaic and Early Ceramic hunter-gatherer occupations of the El Manzano 1, Las Morrenas 1, and Holoceno sites. Each of these cases produced C values that were close on the overall scale but display differences that could be explored in the future to help us understand the occupational patterns of these human groups.
Notes

1
The toolmaking quality of a specific raw material is based on the relationship of lithological attributes such as fracture type and grain size, as well as a qualitative determination of its suitability for use with certain techniques used to manufacture biface tools. Thus, raw materials that make concoidal fractures are fine grained, and are suitable for a complete repertory of flintknapping techniques (hard and soft percussion, pressure flaking) are assigned a high quality rating, while those with less favorable attributes are rated lower.
